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"TNTERCOST'OS"  PEOOIAM 

Dr.  D.  Felske,  H.J.  Fischer  and  Prof.  Dr.  F.H.  Schmelovsky 
Central  Institute  for  Solar  -  Terrestrial  Physics  of  the  DA^T  at  ""e^lin 


In  the  contribution  submitted  an  introduction  will  be  riven  ,  with 
the  help  of  several  examples,  into  the  significance  of  the  "Cooperation 
of  socialistic  countries  in  the  sphere  of  exploration  and  the  neaceful 
utilization  of  cosmic  space"  arranged  in  1°67.  The  cooperating 
collectives  of  the  DIH  involved  have  gathered  first  experience  in  active 
experiments  s.s  well  as  in  earth  observation  urograms  in  a  coordinated 
fashion.  A  close  cooperation  between  theory  and  practice,  between  reonhysics, 
electronics  and  data  processinp  rapidly  led  to  internationally  noticed 
results. 

,re  are  especially  happy  that  the  scientists  themselves  actively  involved 
in  the  rrojecte  concerned  a^e  ready  to  report  on  this  for  our  readers. 

(m.) 


Physical  Objectives  of  the  Experiments 

In  the  last  year  the  effect  of  the  sun  on  the  earth  h-’s  been  the  tonic 
of  intensive  investipation.  The  questions  concern  the  rhysics  of  the  sun  - 
e.g.  clarification  of  the  operating  mechanism  of  he  sun  as  well  as  rractical 
problems  such  as  worldwide  travel,  hiph-altitude  communications  or 
telecommunications  engineering.  One  can  obtain  complete  cognizance  of  the 
environmental  effect  on  people  only  through  directed  objectives  of  major 
research;  outer-space  research  is  an  essential  branch  of  this. 

The  experimental  Intercosmos  1  (IC  -  l)  and  4  (TC-4)  "ere  concentrated 
on  the  exploration  of  solar  processes  and  effects  while  the  exnerimental 
Intercosmos  2  (IC  -2)  was  for  ionospheric  research. 

A  coordinated  earth  observation,  Cosmos  261,  already  begun  win  carry 


1 


^»^-r  ••»’>*,  «TOP» 


on  and  direct  the  designated  experiments  from  tho  beginning  to  a  correlation 
to  the  measured  parameter.  This  ir  much  easier  to  plan  than  are  measurements 
encountered  later. 

Since  the  satellite  serves,  so  to  say,  as  "vehicle"  Sor  a  series  of 
experiments,  it  must  he  oriented  to  the  sun  for  solar  research  ’-’bile  for 
ionosperic  purposes  it  can  be  used  unstabilized.  During  the  active  lifetime 
of  the  satellite  -  about  4  months  -  the  results  of  measurements  by  the 
sensors  on  board  "ill  be  carried  over  a  telemetry  path  to  the  arprorriately 
equipped  earth  stations  and  be  available  in  the  form  of  an  snalos-  or  digital 
recording. 


To  study  the  short-wave  radiation  of  our  sun  one  must  place  sensors 
outside  the  earth's  atmosphere  because  the  known  spectral  range  is  imrermeahle 
to  the  earth's  atmosphere.  At  present  the  following  areas  are  particularly 
intensively  under  observation: 

-  active  areas  of  the  sun 

-  persistent  sources  of  particle  emission 

-  sources  of  sroradic  eruptions  of  energetic  particles  and  of  solar  nlasna 

-  Tjw,  X-ray  and  microwave  radiation  of  the  sun 

-  temporal  changes  of  solar  actively  over  extensive  periods  of  time  and 
prognostic  methods 


In  the  area  of  ionospheric  research  the  following  awe  of  current  interest: 

-  local  and  integral  measurement  of  electron  and  ion  concentration  indie  hiph 
altitude  region,  200-600  km 

-  measurement  of  the  structure  and  dynamics  of  the  ionosphere  by  correlation 
of  satellite  and  earth  measurement  methods 

-  measurement  of  electron  and  ion  temperature  along  the  line  of  flirht  of  the 
satellite 

Pome  of  the  details  "hich  .assist  in  die  experiments  of  TO  -  1  and  IC  -  4 
will  be  introduced.  The  following  measuring  instruments  are  installed  aboard 
this  satellite: 
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1.  optical  photometer  for  about  6,100  A  (CSSR) 

2.  Lyman  -  Alpha  -Photometer  for  1,215  A  (DISR''1 

3.  X-ray  spectral  analyser  in  the  energy  ranp-e  5  -  lOOkeV  (CSSR) 

4.  X^-ray  spectroheliopraph  (UdSSR) 

5.  X-ray  polarimeter  for  0.6  -  0.9  A  (UdSSR) 

Measurement  of  the  integral  flow  in  many  spectral  regions  or  localization 
of  active  areas  by  scanners  are  possible  simultaneousely  with  this  equipment. 

An  additional  measurement  method  is  by  absorption  spectroscopy.  Ty  this, 
the  parameters  of  the  upper  atmosphere  are  measured  at  the  same  time  as  the  sun 
is  used  as  the  lipht  source  and  the  absorption  of  its  radiation  on  ra^sape  of 
the  satellite  in  the  shadow  of  the  earth  is  ascertained. 

The  transparency  of  the  earth's  atmosphere  in  hiph-altitude  rerions,  15  - 
100  km,  are  measured  with  the  optical  photometer:  in  the  hiphest  strata  meteor 
dust  is  present,  ^y  correlation  of  this  measurement  with  the  Lyman  -Alpha 
measurement  one  can  indirectly  determine  the  composition  of  the  upper 
atmosphere.  In  the  Lyman  -Alpha  ranp»-  the  components  0^,  TO  and  Ng  and  only 
0  and  in  the  ranpe  of  8  -  16  A.  Toth  Soviet  instruments,  X-"ay  srectro- 
heliopraph  and  X-ray  polarimeter  serve  to  measure  and  localize  the  dynamics 
of  X-ray  radiation  sources  on  the  sun.  Polarization  measurements  also  rive, 
in  addition,  information  about  the  possible  effect  of  a  magnetic  field  or 
nonthermal  cause  of  the  peneration. 

The  spectroheliopraph  produces  a  "picture"  of  the  active  werions  by 

a 

scanninr  the  spectral  repion  8-14  A  by  means  of  two  si  its  which  are 
perpendicular  to  one  another  with  a  resolution  of  0.3^  X  o.V,  The  X-ray 
polarimeter  works  in  the  area  around  0.8  A  with  a  beryllium  diffusor  and 
proportional  Oeiyer  counter. 

Joint  evaluation  of  the  measurement  results  of  these  international 
erreriments  resulted  in  a  series  of  interesting  scientific  findinpe  which  "ere 
published  in  the  appropriate  specialty  journals. 
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Technical  Objectives  of  the  PJxperiments 

In  detail,  the  following  basic  requirements  of  the  task  are! 

1.  Development  of  physical  sensors  (ionization  chamber,  Oeiper  counters, 
scintillators,  half-life  detectors,  etc.)  and  the  rartinant  adartion  electronics 
as  well  as  an  electricity  suoply  appropriate  to  the  preat  dema.nd  peouired 

by  this  type  of  equipment. 

2.  Integration  of  all  pieces  of  equipment  into  a  "scientific  complex"  and 
structural  accomodation  to  the  satellite. 

3.  Production  of  a  real-time  telemetry  system  of  FM/FM  category  ( frequency 
nodulation/rhase  modulation)  on  board  as  veil  as  on  earth. 

4.  Oain  of  experience  on  how  the  environment  affects  the  instruments. 

The  standard  satellite  (Fip.  l).has  three  parts:  the  upper  hemisphere 
with  scientific  instruments  in  the  inner  and  the  sensors  on  an  outer  platform, 
the  cylindrical  part  with  the  service  system  (telemetry,  telecommand,  on 
board  storape)  and  the  lower  hemisphere  ’’ith  the  electrical  surrly  system. 

On  the  upper  surfaces  of  the  cylindrical  part  a~e  housed  the  solar  ranels, 
tho  sun  sensor,  the  eyecutinp  apents  of  the  orientation  systems  •’nd  tve 
antennae.  The  position  control  of  the  satellite  at  its  orbital  movement 
results  with  the  help  of  a  flywheel  and  pas  jet  revulsion  nozzle,  j> 

shows  the  satellite  with  the  solar  panels  completely  opened  out  and,  in  the 
bottom  viewn  one  sees  the  antennae  assembled  on  the  back  side  of  the  s^lar 
panels.  The  inner  space  of  the  satellite  i-  hermetically  sealed  and  ecuirred 
with  a  thermo repul atopy  system.  Hirh  demands  are  placed  on  the  equipment 
aboard  the  satellite  especially  in  rep-rd  to  : 

-  small  volume  and  weipht 

-  vibration  and  shock  resistance 

-  temperature  and  radiation  resistance 

-  low  enerpy  consumption 

-  hiph  operatinp  reliability 

In  order  to  produoe  reliable  on  board  equipment  reliable  technology 
in  manufacturing  as  well  as  in  testinp  is  r auired.  The  construction  is  of 
lipht  metal  housinpt  it  has  printed  wjrinp.  and  a  eilicium  semi-conductor 
installed.  As  an  example  of  the  on  board  equipment  the  X-ray  photometer 
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Fig.  1.  Oeneral  view  of  the  satellite  Intercosmos  1  at  assembly;  polar  panela 
partially  tilted  out. 


and  the  Lyman  -  Alpha  Photometer  are  displayed  here.  Pip.  3  the 

X-ray  photometer  developed  through  the  cooperative  work  between  Tesla  VTTFT 
Praha  and  the  Astronomical  Institute  of  the  Academy  of  Science  of  the  CSST? 
with  amplitude  discriminators  for  7  energy  hands. 

The  instrument  on  the  ripht  -  the  sensor  block  -  operates  in  a  vacuum, 
both  instruments  to  the  left  of  it  are  in  the  interior  of  the  satellite. 

That  on  the  left  outside  and  in  the  middle  are  the  electronic  block  and  the 
storage  instrument,  respectively.  The  measurement  equipment  is  joined  to  the 
satellite  with  a  pluf  and  socket.  There  are  more  than  ?00  transistors 
in  the  instruments  and  a  larre  number  of  passive  components  are  built  in. 
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Pip.  3«  Seven  channel  X-ray  photometer  ($SSR) 

The  necessarily  high  operating  reliability  of  such  complex  equinment  renwires 
considerable  technical  expenditure. 

Fig.  4  shows  the  structure  of  the  Lyman  -  Alpha  Photometer  that  was 
developed  at  the  Central  Institute  for  Solar  Terrestrial  Physics  of  the  DA’* 
in  Berlin.  This  eq\iipment  also  operates  in  a  vacuum  and  was  constructed  for 
these  difficult  conditions.  The  radiation  sensitive  element  is  a  srecial 
ionization  chamber  -  likewise,  a  singular  development.  The  strengthening  of 
the  extraordinarily  small  direct  current  for  transference  of  increasing 
nuantities  presents  a  difficult  technological  rroblem,  It  wap  solved  by 
close  cooperation  of  all  parts.  A  po,Ter  rack  is  part  of  this  eouirment 
wMch  is  found  in  the  interior  of  the  satellite,  as  well  as  a  sender  for  direct 
transmission  of  measurement  data. 


A  further  technically  difficult  rroblem  is  the  interference  free 
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Pie.  4. 


Photometer  for  measurement  of 


solar  Lyman  -Alpha  radiation  (Central 
Tnr-titute  fnr  Color 


Terrestrial  Physic''  oc  the 
LAW ,  Perlin) 


cooperation  of  all  eouipment  pieeee  in  a  oonrlep  of  the  Mt.lhto.  "» 
necemary  attempt  at  cohabitation  cansee  freo.uent  ocourence  of  aioturbancea 
„Meh  can  be  eliminated  only  by  inten-ive  cooperation  by  all  eyoerimentore. 


Observatories  in 


the  uasrp,  the  LLP.,  the  and 


the  VP  T,ulr°ria 
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Fi/m.  5»  1'eaeureraent  results  of  X—  ray  nolnrimeter 
aboard  the  Intercosnos  1  (UdF'lR) 


participated  in  ground  observation.  In  addition,  a  series  of  other 
observatories,  e.r.  in  Rumania  and  Cuba  carried  out  observation"  ■’ccordinp 
to  a  rroaram  tuned  to  "Council  on  run  -  Farth"  of  the  Academy  of  Tcience  of 
the  Udf°R. 

Scientific  Remits  of  the  Pxrerinents 

The  equipment  on  hoard  the  satellite  1C  -  1  recorded  a  series  n<’ 
interesting  rhenomena  of  special  X— ray  equations  on  the  ?nth,  apnd,  ?lrd 

and  10th  of  October  1°6°.  At  three  outbreaks  of  this  kind  an  X-ray  rolarimeter 

« 

developed  in  the  Ud^SR  fixed  at  a  ravel enpth  of  1A  established  a  dearer  of 
polarization  of  P  =  0.4  +  0.2  'Tith  a  probability  of  0.°.  Fir.  5  shows  the 
most  i’-nortant  results.  In  the  upper  port  the  norm"1!  rate  of  counting  of 
the  polarization  -  rorrortional  counter  and  in  the  lover  part  the  ^te  of 
counting  of  the  ratrol  counter.  They  reproduce  the  integral  course  of  *he 
eruption.  These  values  ’'ere  measured  on  October  20,  1°6°.  The  dotted  values 
in  the  bar  in  the  upper  part  show  the  decree  of  polarization  (in  unrolarized 
radiation  the  dotted  volue  must  coincide  ”ith  the  continuous  values).  As  one 
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Pir#  r*  ‘^'■0-ntion  curves  Of  Lyman  -  Alpha  radiation  in  the  tinner  afr-omhor 
f’Teu-trelitz  Observatory  of  the  Central  Institute  for  %]•>*.  _  av-e-triai 
T'hyrinr)* 

can  ree,  the  r-rnntnst  '’point  of  polarization  coincides  *•■?  t.v  t>  o  r-pate'-t 
intensity.  One  cm  er-lain  thir  hv  non-th.emal  feneration  -ecVanim-',  nmh-.hlv 
',r  fftardinr  radiation  of  the  directed  electron  current,  fine©  one  >♦«(,.  ,1  „Pf. 
tatirtical  n-terial  the^e  measurements  "ere  carried  out,  on  the  TC  -  A. 


ith  the  help  of  the  X-ray  srectroheliofraph  from  the  TTdfr$  +p-0  rv.,rp  -,r(i 
at  Picture  of  the  X-ray  flares  are  me.asu-ed  siml  taneourly.  a*„  n  ~ere 

found  to  have  a  filamentous- shaped  structure  "ith  a  lenrth  of  1  -inute 
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and  a  width  of  10  -  20  angular  seconds.  The  structure  of  the  flare  ouickly 
changed,  the  temperature  in  the  interior  of  the  flare  region  is  higher  than 
20  million  degrees  Kt  the  density  of  electrons  comes  to  10^  electrons  for 
every  cubic  centimeter. 

With  the  help  of  a  Lyman  -  Alpha  Photometer  the  average  flo™  of  the 

/  2  <» 
radiation  ’-ms  determined  at  3«7  -  4.7  erg/cm  s  at  a  wavel ength  of  121f  A. 

Furthermore,  the  density  of  molecular  oxygen  on  die  entry  of  the  satellite  into 

the  earth's  shadow  was  determined  below  an  altitude  of  120  km.  The  best  of 

these  measurements  took  pl-’ce  on  October  15,  1°6°  at  2:00  r.m.  GMT  at  a 

latitude  of  40°.  It  produced  the  most  important  result  in  that  the  measured 

density  is  smaller, by  a  factor  of  2  -  3,  than  is  given  in  the  CIPA  atmosnhere 

model.  Fig.  6  shows  the  experimentally  obtained  absorption  curves  in  the 

graph  of  I  =  f (h) .  In  consideration  of  a  possible  mistake  in  the  altitude  of 

+_  5  km  the  experimental  proof  o-f*  a  low  concentration  of  0  is  regarded  as 

secured.  This  is  confirmed  by  results  of  the  rocket  measurements  of  ”11 dm an 

in  Australia  (l°6°). 

The  results  of  the  optical  photometer  (CFSR)  show  agreement  of  the 
results  of  absorption  measurements  r,ith  the  calculated  values.  On  the  23rd 
of  October,  at  an  altitude  of  70  km,  an  anomaly  was  encountered,  i.e.  the 
permeability  was  less  than  5^*  This  is  associated  with  the  presence  of 
meteor  dust  of  Orion  which  was  at  a  maximum  on  the  22nd  of  October. 

The  X-ray  photometer  (CFSR)  recorded  interesting  relationships  between 
chromospheric  eruptions  and  ionospheric  disturbances.  It  was  determined  to  he 
a  time  shift  between  the  recording  of  the  X-ray  outbreak  by  the  satellite 
and  of  the  influence  of  the  ionosphere.  The  results  obtained  are  imnortant 
for  understanding  longitudinal  wave  prorogation. 

likewise,  interesting  results  are  transmited  by  the  IC  -  2  and  particularly 
through  the  ionosphere  in  the  altitude  range  of  200  to  1,100  km.  T)ata  was 
collected  about  the  ion  concentration  and  electron  temperature  during  100 
orbits.  Evaluation  showed  a  concentration  of  charged  rarticles  along  the  path 
of  the  satellite  of  2  •  10^  crn”^  to  10^  cm-^  :  the  electron  temperature  lay 


11 


/ 


between  800  fC  and  3,000  K.  Along  ”ith  the  local  electron  concentration 
measured  by  probes, the  integral  electron  density  by  sensing  of  the  two 
coherent  frequencies  of  20  M  Hz  and  30  M  Hz  and  the  evaluation  of  the 
amplitude  and  phase  changes  of  the  received  signals  (with  the  help  of  the 
render  "Majak"  developed  in  the  DUF?)  as  ”ell  as  the  measurement  of  the 
Faraday  Effect,  were  determined. 

The  evaluation  of  further  measurement  results  of  the  active  experiments 
resulted  by  the  appropriately  appointed  plan  of  the  cooperation  in  the 
indivdual  '-ub'-crihinm  countries. 

The  scientific  and  technical  results  from  the  cooperative  experiments 
carried  out  by  the  socialistic  countries  for  exploration  and  utilization 
of  cosmic  space  furthers  our  knowledge  about  the  environment  and  provides  a 
starting  point  for  the  industrial  utilization  of  the  technical  experience 
rained. 

The  bibliography  will  gladly  be  sent  to  our  readers  if  desired.  (Ed.) 

Advancement  of  Science  in  the  Soviet  Union 

Statistical  data  which  were  published  recently  in  the  Soviet  Union  svow 
anew  ™hst  rirnificsnce  is  attached  to  technical  scientific  development.  The 
rate  of  growth  o^  the  number  of  all  workers  in  the  UdSSR  from  l°6l  to  1  °&6 
amounted  to  4.3%.  The  corresponding  numerical  value,  in  comparison,  of  all 
in  research  activities  lays,  in  the  same  space  of  time,  essentially  7.7^ 
higher.  At  present . about  2,7  million  Uoviet  citizens  woak  in  research: 
that  corresponds  to  a  portion  of  about  3.4'^  in  the  total  occupational 
activities  of  the  population.  The  investment  in  research  is  also  very 
considerable.  7»°  million  rubels  were  given  for  this  purpose  in  1°6P.  '’’his  was 
10.  more  than  the  corresponding  sum  in  the  previous  year.' 

Jovian  Spot  "Whirls" 

For  a  lonm  time  man  has  observed  the  so-called  red  spot  in ihe  atmosphere 
of  the  giant  planet  Jupiter  about  which  scientists  are  still  not  clear. 
Nevertheless,  this  red  spot  has  a  dimension  which  it  clearly  conveys  to  our 
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earth.  Newest  research  results  from  Reese  and  Pmith  of  New  Mexico 
University  now  indicate,  as  communicated  in  the  journal  "T,ild  der  Nipc.enPC},slf.(:ti 
Volume  7/1969,  that  the  whirling  must  be  regarded  a''  a  tremendous  whirlpool 
phenomenon.  Up  to  now  the  view  adopted  was  that  the  red  share  was  •'one  -ort 
of  propelling  body  in  the  atmospheric  layer.  Observation  by  the  above 
mentioned  scientists  tracked  small  black  srots  in  the  surrounding",  raridly 
expiring  rotating  area  of  the  atmosphere  of  Jupiter.  In  addition,  it  is 
clearly  established  that  these  spirals  in  the  red  spot  are  involved.  In  this 
way  even  the  rotation  time  of  the  whirl  can  be  at  1  e^st  arr^oxinately  be 
determined.  According  to  this,  it  lies  between  0  and  IP  days. 
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